Monthly data derived from the Nielsen Homescan Panel for calendar years 1998 through 2003 are used to estimate the effects of a proposed tax on sugar-sweetened beverages (SSBs). Most arguments in describing the ramifications of a tax fail to consider demand interrelationships among various beverages. To circumvent this shortcoming we employ a variation of Quadratic Almost Ideal Demand System (QUAIDS) model. The consumption of isotonics, regular soft drinks and fruit drinks, the set of SSBs, is negatively impacted by the proposed tax, while the consumption of fruit juices, low-fat milk, coffee, and tea is positively affected. Diversion ratios are provided identifying where the volumes of the SSBs are directed as a result of the tax policy. The reduction in the body weight as a result of a 20% tax on SSBs is estimated to be between 1.54 and 2.55 lb per year. However, not considering demand interrelationships would result in higher weight loss. Unequivocally, it is necessary to consider interrelationships among non-alcoholic beverages in assessing the effect of the tax.
BACKGROUND
Obesity among all walks of life is one of the most widely pressing health problems in America today. Currently two-thirds of the adults in the United States are either overweight or obese (Smith et al., 2010) . The overweight/obesity problem is not only an issue with adults but also with children and adolescents.
In addition to environmental and genetic factors, the selection of food and beverages potentially may be a contributing factor to obesity. A notable body of research argues that the aforementioned obesity rates are coupled with increased consumption of sugar-sweetened beverages (SSBs) (Vartanian et al., 2007; Malik et al., 2006; Pereira, 2006) . Jacobson and Brownell (2000) proposed small taxes on soft drinks (and snack foods) to raise funds for health promotion programs. Furthermore, the US Senate Finance Committee (2009) suggested a Federal excise tax per 12 oz of SSBs as a revenue option to finance comprehensive health-care reform. Brownell et al. (2009) maintained that consumption of SSBs 1 such as carbonated soft drinks, fruit and vegetable drinks, energy drinks, sports drinks, iced teas, iced coffees, flavored milk and dairy drinks has been linked to obesity, diabetes and heart disease, and made an argument to reduce the consumption of SSBs. According to Brownell et al. (2009) , the aforementioned tax policy would have a two-pronged effect: (1) health benefits to the public through the reduction of the consumption of SSBs; and (2) the generation of tax revenue to be invested in public health care. Brownell et al. (2009) claimed that a tax of one cent per ounce of SSBs, which would increase the cost of a 20 oz soft drink by 15-20%, would reduce caloric consumption by about 10%. Additionally, the aforementioned tax would generate $14.9 billion in the first year alone (Brownell et al., 2009) . Moreover, the Center for Science in the Public Interest (2009) using their liquid candy tax calculator claimed that a Federal excise tax of one penny per 12 oz soda could generate more than $1.5 billion per year, providing notable expenditures toward health care.
The American Beverage Association (ABA) (2009) opposes a tax on SSBs, arguing that obesity is a very complex problem which should be addressed by way of a comprehensive plan such as nutrition education on balancing calories and not just a plain tax on SSBs. Furthermore, the ABA states that this proposed excise tax would 'harm hard-working middle-income Americans'.
Indeed a tax on a SSB would decrease the consumption of that particular beverage (own-price effect), all other factors invariant. Brownell et al. (2009) and Chaloupka et al. (2009) used own-price elasticity of demand of À0.8 to À1.0 (depending on category definitions) to predict consumers' responses to taxing SSBs.
However, most arguments including these made by Brownell et al. (2009) and Chaloupka et al. (2009) in describing the ramifications of the proposed tax failed to consider demand interrelationships (crossprice effects) among various beverages.
We found several studies in the literature that dealt with similar taxes on snack foods to finance health information programs and to assess distributional welfare efficiencies. Kuchler et al. (2005) studied taxes on salty snacks, considering the effect of several tax rates on demand (1, 10 and 20%). They concluded that the tax may not have an effect on diet quality even though it may generate substantial revenue to finance health information programs. However, they failed to consider demand interrelationships among different salty snacks in arriving at policy prescriptions. Chouinard et al. (2007) conducted a similar study for taxing fat content in dairy products in a demand systems framework. Distributional welfare effects of the 'fat tax' were assessed, and the conclusion reached was that this tax was regressive.
Only three studies in the literature used both own-price and cross-price elasticities associated with various non-alcoholic beverages in trying to delineate the effects of a tax on non-alcoholic beverage consumption. Fletcher et al. (2010) used a single-equation fixed effects model using cross-sections of National Health and Nutrition Examination Survey data sets to estimate effects of taxes on soft drinks on child and adolescent consumption and weight gains. They showed the reduction in soft drinks consumption as a result of tax was completely offset by the consumption of other higher calorie beverages such as whole milk for children and adolescents. Zhen et al. (2011) used a demand system of nine non-alcoholic beverage categories to generate ownprice and cross-price elasticities and subsequently the effect of a half-cent per ounce tax on SSBs. They concluded that a half-cent per ounce tax on SSBs resulted in a moderate reduction in consumption of these beverages. Smith et al. (2010) is the only study that translated the impact of consumption of non-alcoholic beverages as a result of a tax (tax induced 20% price increase) on sugar-sweetened non-alcoholic beverages into calorie intake and reduction in body weight taking both own-price and cross-price elasticities into account. Smith et al. (2010) estimated an Almost Ideal Demand System (AIDS) model (Deaton and Muellbauer, 1980) for eight non-alcoholic beverage categories using household purchase data from the Nielsen Homescan Panel over the period 1998 through 2007. They found a 20% price increase as a result of a tax on caloric sweetened beverages would result in reduction of 3.8 lb of per capita body weight per year. Fletcher et al. (2010) does not use a demand system approach to ascertain the effect of beverage tax on consumption and weight outcomes. However, our paper uses a demand systems approach (Quadratic Almost Ideal Demand System, QUAIDS) to delineate the effect of tax on SSBs on beverage consumption, calorie intake and weight outcomes. Using a single-equation approach would not allow one to understand the potential interrelationships between beverages that may have an impact on subsequent change in consumption and weight outcomes as a result of a tax. In other words in order to understand the potential unintended consequences, one has to estimate the cross-price elasticities in a system-wide framework. Therefore, as far as the model specification is concerned, the use of the QUAIDS model allows us to better understand the interrelationships between beverages. Moreover, Fletcher et al. (2010) only considers a tax on soft drinks, while we consider a tax on a more wide range of SSBs, such as regular soft drinks, isotonics (sports drinks) and fruit drinks.
Along with Smith et al. (2010) and Zhen et al. (2011) , we use a demand systems approach. However, there are notable differences and improvements in our work compared to Smith et al. (2010) andadditional contribution of our work to the literature along with other aforementioned distinguishable contributions.
Given this backdrop, the specific objectives of this study are: (1) to estimate own-price and crossprice elasticities of selected non-alcoholic beverages; (2) to estimate DRs as an aid in explaining volumewise movement of consumption of non-alcoholic beverages as a result of the proposed tax policy and (3) to estimate the direct and indirect effects of the proposed tax on SSBs in terms of changes in consumption, calorie intake and change in per capita annual body weight in pounds.
We use monthly data derived from the Nielsen Homescan panels for calendar years 1998 through 2003 to ascertain the impact of a proposed tax on SSBs to combat the U.S. obesity problem. We use a demand systems approach to generate own-price and cross-price elasticities pertaining to 10 selected non-alcoholic beverages categories, which in turn is used to generate the change in the quantity of non-alcoholic beverages consumed as a result of a proposed 20% tax 2 on SSBs. Subsequently, we generate the change in the intake of calories through the consumption of non-alcoholic beverages as a result of the tax. Finally, the change in calories is used to calculate the reduction of per capita body weight in pounds per year. Overall, we find evidence in support of reduction in consumption of SSBs as a result of a proposed tax; however, we also show that the reduction in consumption of SSBs can be offset by the increase in the consumption of non-taxed beverages, particularly those which have relatively high caloric content. As a result, taking both direct and indirect effects of the proposed tax on SSBs into consideration would give rise to small reduction in the per capita body weight as opposed to considering only the direct effect of the tax.
ANALYTICAL FRAMEWORK
In this section we develop the analytical framework used to assess the impact of a 20% tax on SSBs on the change in the consumption, the change in caloric intake and subsequently the change in body weight.
In order to calculate the effect of a tax on body weight, we need to first know the induced change in quantity of each non-alcoholic beverage consumed as a result of a 20% tax. This calculation is achieved through an estimation of a demand system for ten selected non-alcoholic beverages. Calculated ownprice and cross-price elasticities from the demand system are used to generate the per capita change in non-alcoholic beverages consumed per month. Specific categories of non-alcoholic beverages considered in this study are isotonics (sports drinks), regular soft drinks (non-diet soft drinks), diet soft drinks, high-fat milk (whole and 2% milk), low-fat milk (1% and skim milk), fruit drinks, fruit juices, bottled water, coffee and tea. In this study, the tax on SSBs is applied to isotonics (sports drinks), regular soft drinks and fruit drinks, 3 of the 10 non-alcoholic beverages under consideration.
2 Historically, small beverage taxes were assessed to raise government revenue. For example, Fletcher et al. (2010; p. 21 , Table 1) reports state level beverage taxes from 1988 through 2006 to find it ranged from 1.5 to about 5.1%. Also, Brownell et al. (2009) reports that 33 states have sales taxes on soft drinks at mean tax rate of about 5.2%. They report that tax rates are too small to affect consumption. Therefore, Brownell et al. (2009) suggests a tax of 1 cent per ounce of SSB (about 20 cents increase in price for a 20 oz bottle of soft drinks for example, assuming consumer is bearing total burden of the tax. Furthermore, Zhen et al. (2011) proposed a half cent tax on sugar sweetened beverages and observed a moderate reduction in consumption. Therefore, in the event that small taxes only achieve revenue objectives of the tax policy, but not adequate reduction in body weight, higher taxes have been proposed. Block et al. (2010) proposed a price increase of 35% as a result of a tax (completely passed onto the consumer) for regular soft drinks. They observed a decrease of sales in the regular soft drinks. However, they did not relate the reduction of sales into the reduction of body weight through reduction of calories consumed. Smith et al. (2010) proposed a 20% increase in price of caloric sweetened beverages as a result of a tax (assuming all tax burden is passed onto the consumer) and found a considerable reduction in calories, hence body weight. Consequently, we resort to a higher tax (and price increase) on SSBs to estimate the reduction in caloric intake and ultimately the body weight. In our study we considered a 20% tax on SSBs assuming 100% pass through rate to consumers, meaning a price increase of 20% as a result of a 20% tax.
Once the per capita change in quantity for each non-alcoholic beverage per month is calculated as result of a 20% tax, then we estimate the induced change in the per capita caloric intake per month from the aforementioned change in quantity consumed. Calorie levels for 8 oz of each non-alcoholic beverage are gathered from Smith et al. (2010) . Next, we sum the change in per capita caloric intake across all non-alcoholic beverages considered to come up with total change in per capita caloric intake. Finally, using the conversion ratio of 3500 cal per pound of body weight, we calculate the induced change in the per capita body weight in pounds as a result of aforementioned change in the per capita caloric intake.
More concisely, the aforementioned analytical framework can be explained in a three-equation recursive differential system as follows:
where d ln q i is the percentage change in the quantity of each non-alcoholic beverage as result of the percentage change in price of each non-alcoholic beverage due a 20% tax, i.e. d ln p i ; e ij is the uncompensated cross-price elasticity between the ith and the jth non-alcoholic beverage; and 
The demand system model
In our analysis, we employ a linear approximation to the QUAIDS model developed by Banks et al. (1997) , Diewert (1987) and Matsuda (2006) to capture interrelationships among 10 non-alcoholic beverage categories. The QUAIDS model not only nests the popular almost ideal demand system of Deaton and Muellbauer (1980) , but also retains all of the desirable properties of the AIDS model. In our work, we use a linearized version of the QUAIDS model because we have only 72 monthly observations of each non-alcoholic beverage considered. With our limited sample of observations, if we had used the full non-linear version of the QUAIDS model, we would have encountered a degrees-offreedom problem. That is to say, the number of parameters to estimate outnumbers the number of observations. Apart from the disturbance term v i , the QUAIDS model is depicted as follows:
where i ¼ 1; 2; 3; . . . n. w i is the budget share of the ith non-alcoholic beverage; ln p j is the natural logarithm of the price of the jth non-alcoholic beverage; m is the total expenditure associated with all non-alcoholic beverages; a,g,b and l are parameters to be estimated. Distinct price aggregator functions f(p) and g(p) are defined as follows. In particular, f(p) has the translog form:
ln p i is the natural logarithm of price of ith non-alcoholic beverage; ln p j is the natural logarithm of the price of the jth non-alcoholic beverage; a and g are parameters to be estimated; and g(p) is the simple Cobb-Douglas price aggregator term defined below:
p i is the price of ith non-alcoholic beverage raised to the power b i , the parameter to be estimated. Alternatively, the Cobb-Douglas price aggregator term can be defined in logarithmic form as follows (Matsuda, 2006) :
The QUAIDS model represented in Equation (4) defaults to the AIDS model if l i is statistically not different from zero for all i.
The following discussion on the linear approximation to the QUAIDS model is borrowed primarily from Diewert (1987) , Moschini (1995) and Matsuda (2006) . To make the QUAIDS model linear at the estimation stage, we need to replace both the translog price aggregator term, f(p), and the Cobb-Douglas price aggregator term, g(p) with composite variables which do not depend on unknown parameters. The most common composite variable used for the approximation of f(p) is Stone's (geometric) price index ln h(p Ã ) (Deaton and Muellbauer, 1980) :
where i ¼ 1; 2; 3; . . . ; n; w i is the budget share of the ith non-alcoholic beverage; ln p i is the natural logarithm of the price of the ith non-alcoholic beverage. In our analysis we used a one-period lag value for the budget shares (i.e. w itÀ1 ) in Equation (8) to avoid any contemporaneous correlation between the budget share in Stone's price index and the dependent variable, w i . Hence the modified Stone's price index that was used in our work is as follows:
where i ¼ 1; 2; 3; . . . ; n; and ln p it is the natural logarithm of the price of the ith non-alcoholic beverage in time period t. The Cobb-Douglas price aggregator term of the QUAIDS model was linearized through the use of the price index suggested by Diewert (1987) and Matsuda (2006) given by
where i ¼ 1; 2; 3; . . . ; n. The superscript zero associated with budget shares and prices represent the base budget share and base price value respectively. One can use any specific observation period for the base. However, Diewert (1987) suggested the use of values at time (tÀ1) as the base for time t, labeled the 'chained principle'. We used the two-period lag value of expenditure shares as the base value. Therefore, the workable form of Equation (10) is written below:
where i ¼ 1; 2; 3; . . . ; n; w itÀ1 is one-period lag budget share; w itÀ2 is two-period lag budget share; p itÀ1 is one-period lag price of non-alcoholic beverage; p itÀ2 is two-period lag price of non-alcoholic beverage.
We used the price index suggested by Equation (11) along with Diewert's ((1987) chained principle to linearize the Cobb-Douglas price aggregator term in the QUAIDS model. Equation (12) shows the linear approximate version of the QUAIDS model, i.e. the linear approximate quadratic almost ideal demand system (LA/QUAIDS). We posit the LA/QUAIDS model with an additive disturbance term and quarterly dummy variables to capture seasonality.
where i ¼ 1; 2; . . . ; 10 indexes the ten non-alcoholic beverages categories in the system, t indexes the time in months, t 5 1, 2,y72, k indexes time in years, k 5 1,2,3,y,6. p jt corresponds to monthly real prices for each non-alcoholic beverage considered in study, j 5 1, 2,y, 10, m t is real per capita total expenditure calculated as the sum of the products of real price and per capita quantity for each nonalcoholic beverage, and Q ijk corresponds to quarterly dummy variables used to capture seasonality. Monthly budget shares of each non-alcoholic beverage consumed are denoted by w it where w it ¼ p it q it =m t . The additive disturbance term is denoted by e it . In estimating the LA/QUAIDS model, we impose theoretical restrictions 3 on the parameters. Given the fact that all expenditure shares add up to one, P 10 i¼1 w it ¼ 1, we estimate the LA/QUAIDS model with only nine equations (dropping the budget share equation pertaining to tea) to avoid the singularity of the variance-covariance matrix of the disturbance terms. The parameters of the tea budget share equation are recovered using the adding-up restriction.
DATA
The source of the data for this analysis is the Nielsen Homescan Panel data for calendar years 1998 through 2003. These data are taken from a sample of households that are demographically representative from various cities and rural markets within four regions of the United States (East, Midwest, South and West). About 85% of households represented city markets and about 15% of households were from rural markets. Major city markets included Chicago, Los Angeles, New York, San Francisco, Atlanta, Philadelphia, Baltimore, Washington DC, and San Antonio.
Each household was provided with a scanner machine in which they could scan and record all items purchased in different retail trade locations throughout a given time period. Panelists recorded the expenditure and quantity of all items purchased in that household for that time period. The Nielsen Homescan data include purchases of all consumer items bought by a household during a specified period of time. Importantly, the Nielsen data pertain to at-home purchases of food and beverage items. For our analysis, we used these nationally representative data for at-home purchases of non-alcoholic beverage products only. 3 The adding-up restrictions are given by:
, where j 5 1,2,y10. The homogeneity restrictions are given by:
. . . ; 10. The Slutsky symmetry conditions are satisfied via the restrictions:
Initially, monthly household purchases of non-alcoholic beverages (expenditure and quantity information) are generated for each household in the Nielsen HomeScan Panel over the period January 1998 through December 2003. Next, the expenditure and quantity data are summed over all households for each month for each of the aforementioned non-alcoholic beverage categories. As such, we develop monthly purchase data to arrive at a total of 72 observations (72 months) for each non-alcoholic beverage category. Quantity data are standardized in terms of gallons for all non-alcoholic beverages considered and expenditure data are expressed in terms of dollars. Taking into account household size and the numbers of US households for every month from January 1998 December 2003, our volume data and expenditure data are expressed in terms of gallons purchased and dollars spent per person per month. Then taking the ratio of expenditure to volume, we generate unit values (prices) for each non-alcoholic beverage category for each month. These prices are adjusted for inflation using the Consumer Price Index for each month to generate a real price series for each beverage category. Using real prices and monthly per capita consumption values, finally we arrive at budget share information for the ten non-alcoholic beverage categories. 
Descriptive statistics
In Table I , the descriptive statistics are shown for quantity (per capita gallons/month), real price (dollars/gallon) and budget share corresponding to each of the non-alcoholic beverages. The most heavily consumed non-alcoholic beverage per month at home was coffee on per-capita basis (0.93 gal per person per month). Coffee was followed by regular soft drinks (non-diet type) where 0.91 gal per person per month was consumed. At-home per capita high-fat and low-fat milk consumption per month on average was 0.53 gal and 0.38 gal, respectively. On average, per capita bottled water consumption at home was 0.35 gal per month. Isotonics (for example Gatorade) was the least consumed non-alcoholic beverage at home, with only about 0.03 gal per person per month.
Isotonics and fruit juices were the most expensive non-alcoholic beverages consumed during the period considered. They were, on average, $2.55 per gallon and $2.45 per gallon, respectively. Coffee was the least expensive non-alcoholic beverage at $0.61 per gallon on average.
The highest budget share is associated with consumption of regular soft drinks at home (20%), and the lowest budget share is associated with isotonics (1%). The average budget share for fruit juice stands at second highest, followed by high-fat milk and diet soft drinks. Per capita real total expenditure for all of the 10 non-alcoholic beverages consumed at home was on average $1.82 per month over the period 1998 through 2003.
EMPIRICAL ESTIMATION
The LA/QUAIDS model was estimated using the software package SAS 9.2. Expenditure, own-price and cross-price demand elasticities are estimated for the 10 non-alcoholic beverage categories over the 72-month period. A 10-by-10 uncompensated own-price and cross-price elasticity matrix indigenous to 4 To lend support to this approach, we find strong correlations of our data on an annual basis with the annual USDA Economic Research Service (ERS) disappearance data (also called food supply data or food availability data) for similar beverage categories. The ERS disappearance data envelop both at-home and away-from-home consumption information. The Nielsen Homescan data account only for at-home consumption. The common beverage categories are regular soft drinks, milk, fruit juices, bottled water, coffee and tea. Correlation coefficient values between the two data series are as follows: regular soft drinks: 0.96; milk: 0.95; fruit juices: 0.82; bottled water: 0.98; coffee: 0.54 and tea: 0.67. Consequently, given this degree of association between the ERS disappearance data and the data derived from the Nielsen HomeScan Panel, we have confidence in the use of the monthly data series to estimate demand interrelationships. Additionally, even though we lose household demographic information with this aggregation, we do not encounter data censoring problems inherent in trying to use micro-level data in estimating demand systems. the aforementioned non-alcoholic beverage categories subsequently is generated. The uncompensated own-price and cross-price elasticities capture the direct and indirect effects of the proposed tax on SSBs, respectively. Less than 0.01. 5 In the demand system analysis, we assume the price to be exogenous; quantity and total expenditure to be endogeneous (or simultaneousequation bias in conditional demand models, Attfield, 1985) . As total expenditure is defined as the sum of expenditures of individual goods, and since these expenditures are assumed to be endogenous, then we might expect the total expenditure to be endogeneous (Attfield, 1985; Capps et al., 1994) . In the QUAIDS model, the prices of non-alcoholic beverages are considered exogeneous and expenditure shares (budget shares) and per capita real total expenditure is considered endogeneous. The best instruments we could find as well as justified in the literature by Capps et al. (1994) to address the issue of endogeneity of total expenditure is real price of each beverage category and per capita real income. A possible endogeneity issue with real per capita total expenditure was removed through predictions of real per capita total expenditure (m_hat) obtained through the use of an auxiliary regression (see Equation 13), wherein the natural log of per capita real total expenditure (ln m t ) was regressed on the following instruments: the natural log of the real price of all the respective non-alcoholic beverages ln p jt , and the natural log of real per capita income, ln inc t . The random disturbance term in the auxiliary regression is denoted by k t . Parameters to be estimated are denoted in c.Thus predicted values were used as real per capita total expenditure in the LA/QUAIDS model (variable m t in Equation (12)). The auxiliary regression used is given as follows:
The presence of possible serial correlation in the LA/QUAIDS model was examined through the autocorrelation and partial autocorrelation functions of the disturbance terms. A close study of these functions indicated the presence of first-order, second-order and third-order autoregressive process of disturbance terms in the system. Therefore, each system was fitted with first-, second-and third-order autoregressive process of disturbance terms and the significance of autocorrelation coefficients was examined. Through this exercise, we found that disturbance terms behave as an AR(2) process. Consequently, adjustments for serial correlation in the LA/QUAIDS model were made accordingly.
Expressions for expenditure elasticities and uncompensated own-price and cross-price elasticities used in this study are as follows. 6 The expenditure elasticity (e i ) for non-alcoholic beverage i is given by
where i ¼ 1; 2; . . . ; 10 and t ¼ 1; 2; . . . ; 72; w itÀ1 is the budget share of the ith non-alcoholic beverages lag period one; w 0 itÀ2 is the budget share of the ith non-alcoholic beverages lag period two, superscript zero represent the base period; ln p itÀ1 is the natural log of price of the ith non-alcoholic beverage lag period one; ln p 0 itÀ2 is the natural log of price of ith non-alcoholic beverage lag period two, superscript zero represent the base period; ln m is the natural logarithm of the total expenditure.
The uncompensated own-and cross-price elasticities (e u ij ) are given by The magnitude of the calculated cross-price elasticities does not tell us the entire story about the strength of substitutability or complementarity of non-alcoholic beverages under consideration because these measures only relate to percentage changes. Another measure of the strength of substitutability or complementarity, expressed in terms of volume changes, is the Diversion Ratio (DR) (Werden, 1998; Abere et al., 2002; Yuan et al., 2009) . Specifically, DRs relate the change of the volume of one good to a change in the volume of another good. In essence, the proposed tax on a 12 oz can of regular soft drinks, for example, all other things equal, results in decreased consumption of this non-alcoholic beverage category. The question then is to where will this loss in consumption be directed or diverted? DRs provide this useful information. Negative (positive) DRs are indicative of substitutability (complementarity) between two goods.
Mathematically, the diversion ratio (DR ji ), the change in quantity j due to a unit change is quantity i, is expressed as follows:
where e ji is the uncompensated cross-price elasticity of demand between goods j and i; e ii is the uncompensated own-price elasticity of demand of good i; q j represents the volume of good j and q i represents the volume of good i. Negative signs associated with the DRs delineate the decrease (increase) in the volume of one good due to a unit increase (decrease) in the volume of another good, hence substitutability between goods. On the other hand, a positive sign associated with the DRs describes the decrease (increase) in the volume of one good due to a unit decrease (increase) in the volume of another good, hence complementarity between goods.
EMPIRICAL RESULTS
We first discuss estimates of the set of uncompensated elasticities gleaned from the LA/QUAIDS model. Second, we discuss the calculated DRs based on the uncompensated own-price and cross-price elasticity estimates. Third, we address the effect of the proposed tax policy on the consumption of sugarsweetened as well as non-SSBs. Fourth, we calculate, on a per capita basis, calories reduced per month through taxing sugar-sweetened non-alcoholic beverages, and as a result, the change in body weight on a per capita basis per month and per year.
Uncompensated elasticity estimates
Based on the parameter estimates (see Table II ), we calculated uncompensated own-price and crossprice elasticities for the 10 non-alcoholic beverages considered in this study. Because most budget share series were non-stationary, the average of the final 12 observations of each data series was used as the local set of coordinates in calculating elasticities in lieu of the sample means. 7 Over the last 12 months of the sample period, the averages of the budget shares were as follows: isotonics 0.009; regular soft drinks 0.191; diet soft drinks 0.131; high-fat milk 0.134; low-fat milk 0.089; fruit drinks 0.076; fruit juices 0.172; bottled water 0.066; coffee 0.084 and tea 0.048.
In Table III , the calculated uncompensated own-price, cross-price and expenditure elasticities are exhibited for each non-alcoholic beverage category. Own-price elasticities range from À0.6892 (fruit drinks) to À3.8650 (isotonics). Elastic demands are evident for isotonics, regular soft drinks, diet soft drinks, fruit juices and coffee, while inelastic demands are evident for high-fat milk, low-fat milk, fruit drinks, bottled water and tea. All own-price elasticities are statistically different from zero. The number of statistically significant cross-price elasticities is 36, evenly split between gross substitutes and gross complements.
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Calculated expenditure elasticities reveal that isotonics, regular soft drinks, diet soft drinks and fruit drinks are more sensitive to changes in real capita total expenditure than high-fat milk, low-fat milk, fruit juices, bottled water, coffee and tea. Our results do not necessarily imply that isotonics, regular soft drinks, diet soft drinks and fruit drinks are luxury goods since expenditure elasticities are different from income elasticities. The implicit assumption in our estimation of the LA/QUAIDS model is that non-alcoholic beverages are separable from food and other beverage commodities. Importantly, all expenditure elasticities are significant at the 0.10 level.
DRs for non-alcoholic beverages
In Table IV , we exhibit the calculated DRs associated with the respective non-alcoholic beverage categories. Interest is centered on the SSBs, namely isotonics, regular soft drinks and fruit drinks. The non-alcoholic beverages without added sugars (fruit juices) are not part of the sugar-sweetened 7 Alternatively, we could generate own-price and cross-price elasticities for each data point (72 months in our study) for each nonalcoholic beverage and ultimately take the average of those elasticities to come up with an elasticity measure for each nonalcoholic beverage. 8 A reviewer questioned the negative cross-price elasticity between regular soft drinks and diet soft drinks (making them gross complements in consumption). This result, however, is consistent with all past work involving regular and diet soft drinks in demand analysis. Our study uses monthly time-series data from 1998 to 2003 to estimate a QUAIDS model for non-alcoholic beverages to find an uncompensated cross-price elasticity between regular and diet soft drinks to be À0.6208. Pittman (2004), Smith et al. (2010) and Zhen et al. (2011) , all estimated some form of AIDS find the cross-price elasticity between regular and diet soft drinks to be À0. 018, À0.192 and À0.26 respectively. Pittman (2004) Table II . The level of significance chosen for this analysis is 0.10. The model was corrected for serial correlation using an AR (2) process in the disturbance terms. As exhibited in Table II , calculated autocorrelation coefficients (rho1, rho2) are statistically different from zero. Significance of the seasonal dummies for all nonalcoholic beverages except diet soft drinks confirms the presence of seasonality (all seasonal dummies are jointly equal to zero is the null hypothesis associated with seasonal dummy variables). Moreover, the hypothesis that the lambda parameters are jointly equal to zero is rejected; hence the QUAIDS model constitutes a superior specification to the AIDS model. g12 is the estimated cross commodity gamma parameter associated with isotonic and regular soft drinks.
a1
is the estimated alpha parameter associated with isotonics.
b1
is the estimated beta parameter associated with isotonics.
L1
is the estimated lambda parameter associated with isotonics.
d12
is the estimated seasonal dummy parameter associated with isotonics representing the 2nd quarter.
CONSEQUENCES OF PROPOSED TAX TO COMBAT U.S. OBESITY PROBLEM non-alcoholic beverages. Natural sugars are indigenous to fruit juices. The DRs are handy in answering where consumption would be diverted as a result of the proposed tax policy on SSBs. Let us assume the consumer is responding to the proposed tax by consuming less regular soft drinks. For every 1 gal of regular soft drinks taken away from the consumer, increases in consumption would occur in high-fat milk, low-fat milk, fruit juices, coffee, bottled water, and tea by 0.05, 0.11, 0.29, 0.32, 0.01 and 0.06 gal, respectively. Also, the consumption of diet soft drinks and fruit drinks would be reduced by 0.26 and 0.05 gal as a result of the reduction in consumption of regular soft drinks. The change in consumption of isotonics as a result of the tax on regular soft drinks is negligible. The reduction in consumption of fruit drinks is supportive of the proposed tax on SSBs. However, the decrease in consumption of diet soft drinks is not supportive of beverage companies that are promoting diet soft drinks in lieu of regular soft drinks as a low-calorie alternative. On the other hand, increase in the consumption of high-fat milk and fruit juices as a result of the decrease in consumption of regular soft drinks would add more calories to the diet, defeating the goal of reducing the calorie intake and subsequently reduction in body weight as a result of the proposed tax on SSBs.
If as a result of the tax, the consumption of isotonics is reduced by a gallon, the consumption of fruit drinks, high-fat milk and regular soft drinks also is reduced by 0.81, 0.31 and 0.08 gal, respectively. Reduction in consumption of fruit drinks, high-fat milk and regular soft drinks is supportive of tax on SSBs to reduce the intake of calories derived from beverages. However, the consumption of coffee, diet soft drinks, low-fat milk, fruit juices, bottled water, and tea is increased by 1.18, 0.97, 0.21, 0.50, 0.29 and 0.01 gal, respectively. Increase in the consumption of fruit juices would add more calories to the diet, even though fruit juices contain only naturally occurring sugars.
A decrease in the consumption of a gallon of fruit drinks as a result of the proposed tax reduces the consumption of isotonics, regular soft drinks, high-fat milk, low-fat milk, bottled water and tea by 0.34, 0.82, 0.66, 0.29, 0.94 and 0.24 gal, respectively. On the other hand, a decrease in the consumption of fruit drinks results in a rise in the consumption of diet soft drinks, fruit juices and coffee by 1.26, 0.l7 and 2.52 gal, respectively.
Over all, we see that a tax on isotonics, regular soft drinks and fruit drinks would increase the consumption of coffee, a certainly unintended consequence. Moreover, a tax on these SSBs would increase the consumption of fruit juices, also an unintended consequence because of the calories associated with beverages containing natural sugars. Also, because the DRs do not sum to zero, the tax policy on non-alcoholic beverages is not a zero-sum game. The tax on isotonics increases the consumption of non-alcoholic beverages in total by 0.97 gal, all other factors invariant, while the tax on regular soft drinks and fruit drinks results in lowering the consumption of non-alcoholic beverages in total by 0.47 and 0.34 gal, respectively, all other factors invariant.
Effects of the proposed tax on SSBs
Now that we have generated uncompensated own-price and cross price elasticities for the 10 nonalcoholic beverages, we can use the elasticity matrix shown in Table III to depict the direct and indirect effects of the proposed tax of 20% on sugar-sweetened non-alcoholic beverages. Direct effects relate only to the use of own-price elasticities. Indirect effects relate to the use of cross-price elasticities. Total effects correspond to the use of both own-price and cross-price elasticities. Isotonics, regular soft drinks and fruit drinks are considered to be SSBs for this study.
9 As a result of the 20% tax on the aforementioned sugar-sweetened non-alcoholic beverages, the prices of those are expected to rise by 20%.
In Table V , we illustrate the direct, indirect and total effects in terms of percentage changes in quantities as result of a 20% tax on sugar-sweetened non-alcoholic beverages. Notice that the 20% price increase translates into a reduction in consumption of isotonics, regular soft drinks and fruit drinks of 77, 45 and 14%, respectively. If we pay attention only to the direct effects of the tax policy, unequivocally, there is a reduction in the consumption of sugar-sweetened non-alcoholic beverages. Also, notice that if we concentrate only on the direct effects, we do not observe any changes in the consumption of non-SSBs. Looking at the direct effects of the tax only, we conclude that the tax policy is effective in reducing the consumption of sugar-sweetened non-alcoholic beverages with no concomitant change in the consumption of the remaining non-alcoholic beverages.
Indirect effects of this tax, however, are nontrivial. In Table V , we also report the percentage changes in per capita quantities of non-alcoholic beverages as a result of the indirect effects of the tax on sugarsweetened non-alcoholic beverages. Notice that the percentage changes in quantities of isotonics, regular soft drinks and fruit drinks are negative, further strengthening the intended effects of this tax policy. With this tax policy, in total, the consumption of isotonics, regular soft drinks and fruit drinks falls by 129, 49 and 26%, respectively.
Owing to the interrelatedness among non-alcoholic beverages, gleaned from demand systems estimation, we also observe a notable change in consumption of non-SSBs as well. Diet soft drinks, high-fat milk and bottled water consumption go down by 6.63, 1.60 and 5.08%, respectively. From a caloric perspective, the rise in consumption of fruit juices is not a desirable outcome; however, rise in the consumption of low-fat milk is a good thing. Also, increase in consumption of coffee and tea, hence the concomitant rise in caffeine content may be viewed as an unintended consequence of this tax on SSBs.
Calories reduced and change in body weight
We now investigate total calories reduced on a per capita basis per month as a result of the proposed 20% tax on sugar-sweetened non-alcoholic beverages. Then total calories reduced are translated into the reduction in body weight per capita per month and subsequently on an annual basis. This analysis is carried out for four scenarios. In the scenario one and two, we estimate only the direct effects associated with 20% tax on SSBs. In the scenario one we used the average per capita consumption and in the scenario two, we used the maximum per capita consumption of non-alcoholic beverages per month over the period [1998] [1999] [2000] [2001] [2002] [2003] . In third and fourth scenarios, we estimate both the direct and indirect effects of increases in the prices of sugar-sweetened non-alcoholic beverages by 20% as a result of the tax. In particular, scenario three is associated with average consumption of non-alcoholic beverages per capita per month and in the scenario four we considered the maximum consumption of non-alcoholic beverages per capita per month. Table VI shows the direct effects of the proposed 20% tax on SSBs on the basis of average per capita consumption of non-alcoholic beverages over final 12 months of data. It is clear, as a result of the tax, per capita consumption of isotonics, regular soft drinks and fruit drinks are reduced by 1.98, 45.03 and 4.06 oz per month, respectively. Most calories were reduced from the consumption of regular soft drinks (512 cal per person per month). Net calories saved are 587 cal per person per month. Average reduction in the body weight as a result is 2.01 lb per person per year.
Table VII depicts the direct effect of the tax centering attention on the maximum consumption of non-alcoholic beverages over the sample period. The reduction in per capita consumption of SSBs per month, as a result of the proposed tax is as follows: isotonics 5.94 oz; regular soft drinks 71.59 oz and Table VIII shows both the direct and indirect effects of the proposed 20% tax on SSBs using average per capita consumption of non-alcoholic beverages taking the average of last 12 observations. There is a reduction in the consumption of isotonics, regular soft drinks, diet soft drinks, high-fat milk, fruit drinks and bottled water by 3. 31, 48.53, 4.50, 0.94, 7 .77 and 2.80 oz, respectively, per person per month. Therefore, as a result of the proposed tax on SSBs, the intake of calories from isotonics, regular soft drinks, diet soft drinks, high-fat milk and fruit drinks falls by 26.04, 552.01, 2.81, 15.94 and 112.69 cal per person per month, respectively. On the other hand, caloric contribution from fruit juices and low-fat milk went up by 45.02 and 207.67 cal per person per month, respectively. In all, per capita net calories reduced are 449.60 cal per month, and the average reduction in body weight is 1.54 lb per year as a consequence.
In the Table IX , we show both the direct and indirect effect of the proposed tax calculated by taking the maximum possible consumption levels of non-alcoholic beverages over the sample period. We observe a reduction in per capita calorie intake from consumption of isotonics, regular soft drinks, diet soft drinks, high-fat milk and fruit drinks. We find the maximum per capita net calories reduced is 745 cal per month, and as a result the maximum per capita reduction in body weight is 2.55 lb per year.
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In considering only the own-price elasticities of demand (the direct effects or considering only the intended consequences), 587 cal per person per month on average or 935 cal per person per month at maximum are reduced; in comparison, 450 cal per person per month on average or 745 cal per person per month at maximum are reduced if both own-price and cross-price elasticities (the direct effect and indirect effects or considering both intended and unintended consequences) are considered. The reduction of the capita body weight is relatively small (roughly 1.54 lb per year on average or 2.55lb per year at maximum) if both direct and indirect effects of the proposed tax are considered. Bottom line, only concentrating on the direct effects of tax on SSBs in terms of per capita calories reduced and reduction in body weight is misleading with respect to finding a solution to the US obesity issue.
Moreover, knowing the indirect effects of the tax helps determine possible substitutability and complementarity effects among beverages. As depicted in Table IX , as a result of the proposed 20% tax, intake of per capita low-fat milk, fruit juices, coffee and tea rises by roughly 7.4, 20.4, 38.4 and 2.3 oz per month, respectively. Owing to the tax on SSBs, the consumer switches primarily to coffee and fruit juices. If consumers are diverted to fruit juices, calorie intake rises due to the presence of natural sugars in fruit juices. Increases in the consumption of fruit juices and coffee are considered as unintended consequences of the proposed tax on SSBs.
Comparison with previous studies in the literature
In Table X , we provide a comparison of our study with those in extant literature. Several of the previous studies used annual time-series data, while others used cross-sectional data. The respective studies also employed different demand systems, namely the LA/AIDS model, the Rotterdam model, the translog demand model and the LA/QUAIDS model. Consequently, differences in elasticity estimates are to be expected. Our estimates of own-price elasticities more closely mimic those of Pittman (2004) and somewhat to those of Smith et al. (2010) than those of Zheng and Kaiser (2008) , Kinnucan et al. (2001) 10 It should be noted that we investigated the caloric reduction and the associated reduction in per capita body weight as a result for a series of tax scenarios such as 5, 10, 15, 20, 25 and 30%. There is a proportional increase in the reduction of calories consumed as well as the reduction of per capita body weight as the tax rate increases. For example, the reduction in per capita body weight is 0.39 lb/year, if we consider a 5% tax (and a 5% increase in the price) on SSBs. It proportionally rises to 2.32 lb/year for a 30% tax on SSBs (a six-fold increase in the reduction of body weight for a six-fold increase in the tax rate). For brevity, we do not report results from all tax scenarios. However, they are available from authors upon request. Numbers in parentheses are own-price elasticities generated for low-income households (income below 185% poverty threshold).
CONSEQUENCES OF PROPOSED TAX TO COMBAT U.S. OBESITY PROBLEM and Yen et al. (2004) . Even though Smith et al. (2010) used monthly time-series data as we did, due to the aggregation of SSBs into one category (caloric sweetened beverages) contributes to the discrepancy in the elasticity estimates (in addition to the contribution from using a different model specification to estimate elasticities; the AIDS model). Zhen et al. (2011) estimated elasticities using an AIDS model for two different groups of the sample, such as those with above poverty line and with below poverty line. Owing to such disaggregation of the sample and short time span of the data (in addition to the model specification issue), their elasticity estimates are different from those of ours.
Because our data set includes a richer delineation of non-alcoholic beverages, it is not surprising that our own-price elasticities are larger in magnitude than those previously estimated. Additionally, our monthly data set over a 6-year span is more immune to effects from structural change compared to the studies employing annual time-series over a 30-year period.
As noted in the Table X , only four studies (including ours) dealt with beverage tax related work. Also, out of those four, only our study and Smith et al. (2010) translated the reduction in caloric intake into the reduction in per capita body weight. According to best of our knowledge, our study stands out in the literature in its capacities to ascertain the impact of a tax on SSBs to address issues related to obesity using a very flexible demand system like QUAIDS and a volume-wise substitution measure like the DR.
CONCLUSIONS AND LIMITATIONS
Monthly data derived from the Nielsen Homescan Panel for calendar years 1998 through 2003 are used to estimate the effects of a proposed tax on SSBs. Own-price and cross-price elasticities are estimated using a linearized Quadratic AIDS model (LA/QUAIDS) for 10 non-alcoholic beverages: isotonics, regular soft drinks, diet soft drinks, high-fat milk, low-fat milk, fruit drinks, fruit juices, bottled water, coffee and tea. The consumption of isotonics, regular soft drinks, diet soft drinks, high-fat milk, bottled water and fruit drinks is negatively impacted by the proposed tax, on SSBs, while the consumption of fruit juices, low-fat milk, coffee and tea is positively affected. In particular, notable increases in the consumption of low-fat milk, fruit juices and coffee are evident. DRs are provided identifying where the volumes of the SSBs are directed as a result of the tax policy. Assuming a 20% tax imposed on SSBs, we conclude that the reduction of body weight on a per capita basis is relatively small, between 1.54 and 2.55 lb per year. If demand interrelationships among non-alcoholic beverages are not considered, this range of weight loss is 2.01-3.21 lb per capita per year. Unequivocally, it is necessary to consider interrelationships among non-alcoholic beverages in assessing the effect of the tax.
While the tax policy gives rise to intended consequences in reducing the consumption of SSBs, this effect is offset partially by a rise particularly in the consumption of fruit juices and coffee. Thus, the tax policy yields unintended consequences of increases in the consumption of coffee and increases in calories from fruit juices which contain natural sugars.
Owing to the nature of Nielsen Homescan Panel data, our study is limited in that it concentrates only on the at-home consumption of various non-alcoholic beverages. Another limitation rests concerns on the assumption of separability of non-alcoholic beverages from food and other beverage categories. With this assumption, we rule out direct and indirect effects of the proposed tax on these categories. Further research relaxing this assumption of separability may be worthwhile. Moreover, we report consequences of the proposed tax policy on a per person basis. Further efforts may be directed on below-poverty individuals and above-poverty individuals as well as on children and adults. Despite these limitations, our study adds value to the literature by pulling together a solid methodological approach to assess the consequences of a tax policy on SSBs to alleviate the obesity problem in the United States.
